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Jaagsiekte retrovirus is an exogenous (exJSRV) beta-retrovirus with a simple genome. It causes lower airway epithelial cell tumors in small
ruminants. Endogenous (enJSRV) counterparts of exJSRV are present in different copy numbers in numerous Bovidae family members.
This work has focused on enJSRV in Simmental (Germany) and Limousine (France) beef breeds of domestic cattle and domestic goat. Of the
enJSRV sequences in cattle, the orf-x sequences were about 99% identical, the LTR sequences were about 97% identical and the env sequences
were nearly 95% identical to the corresponding endogenous sequences in sheep. A significant polymorphism of the proviral sequences between
the cattle breeds was noted. Clonal analyses of the amplicons suggest two enJSRV proviruses in cattle genome. The endogenous sequences
revealed in goat were closer to enzootic nasal tumor virus (ENTV) from goat rather than to enJSRV from sheep.
The expression of enJSRV in cattle was partial (env only) and detected exclusively in bone marrow.
© 2007 Elsevier Inc. All rights reserved.Keywords: Jaagsiekte sheep retrovirus (JSRV); Endogenous retroviruses; Domestic cattle; Goat; Sequences; Body compartments; TranscriptsIntroduction
Endogenous retroviruses (ERV) and retroviral elements have
been found in the genome of all examined vertebrates (Weiss,
2006). Most of the known ERV sequences are incomplete,
largely deleted and/or interrupted by stop-codons. However,
complete ERV have been described and some of them are
capable of forming virus-like particles (vlp) (Patience, 1999).
ERV have not been examined in detail in animals other than
various laboratory species.
The pathogenicity of ERV is currently considered to have
minimal biological significance. However, this is still under
investigation. Besides the other possibilities, a recombination
between ERV and exogenous retroviruses may create “new”
exogenous retroviruses. ERV might be beneficial during⁎ Corresponding author. UMR 8104 CNRS, Institut Cochin, 22 rue Méchain,
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doi:10.1016/j.virol.2007.05.018embryogenesis, offering protection against an infection with
related exogenous retroviruses (Kalter et al., 1975; Palmarini
et al., 2004).
The sheep pulmonary adenomatosis (SPA) or the ovine
pulmonary adenocarcinoma (OPA) is a contagious lung cancer
caused by an exogenous Jaagsiekte sheep retrovirus (exJSRV)
(Sharp, 1987; DeMartini and York, 1997; Palmarini and Fan,
2001; Suau et al., 2006). The exogenous enzootic nasal tumor
virus (ENTV) is closely related to JSRV, but causes nasal
tumors in small ruminants (De las Heras et al., 1991; Ortin et al.,
2003). The incidence of OPA in affected animals is nearly 2% to
5% (Sharp and DeMartini, 2003). In fact, a minority of JSRV-
infected animals develops a clinical disease during their
commercial lifespan (Caporale et al., 2005).
JSRV is a chimera of simian type D retrovirus (SRV) and
mouse mammary tumor virus (MMTV) with gag, pro and pol
genes that are related to those of SRV-3 (Mason-Pfizer monkey
virus), and an env gene is closer to that of MMTV (York et al.,
1992). JSRV has a “simple” genetic organization with classical
retroviral genes gag, pro, pol and env. It has an additional ORF
(orf-x) of unknown function in pol. The orf-x gene, the most
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transformation. JSRV is an oncogenic virus without a discrete
oncogene, but it has a short peptide (Y-X-X-M) in ENV that acts
as an oncoprotein (Maeda et al., 2001; Alberti et al., 2002; Fan
et al., 2003; Miller et al., 2004; Wootton et al., 2005; Leroux et
al., 2007). However, an insertional mutagenesis leading to
transformation could not be excluded (Cousens et al., 2004).
A human infection with exJSRV-like viruses could not be
excluded (De las Heras et al., 2000; Morozov et al., 2004). On
the other hand, the exJSRV has not been convincingly linked to
human pulmonary adenocarcinoma (Yousem et al., 2001; Hiatt
and Highsmith, 2002).
The exJSRV is very similar to a family of enJSRV in sheep
and goats (York et al., 1992; DeMartini et al., 2003; Palmarini et
al., 2004). The amino acid sequences of exJSRVand enJSRVare
between 90% and 98% identical, depending on the gene and the
geographical origin of examined animals. Three short variable
regions (VR), two in gag (VR1, VR2), one in env (VR3), are
principal “divergence” markers of enJSRV and exJSRV (Bai et
al., 1996; Palmarini et al., 2004).
The expression of enJSRV in sheep is progesterone
dependent and high levels of provirus expression occur in
endometrial epithelia of the ovine uterus and ovine fetus
(Palmarini et al., 2001). A less enJSRVexpression occurs in the
lung, kidney, bone marrow, spleen and in various other tissues
(Palmarini et al., 1996). The cellular receptor for exJSRV is
(HYAL-2), a membrane protein conserved across various
species (Rai et al., 2001).
An extensive search in mammals for the enJSRV genomes
by Southern blot hybridization identified proviruses in the
families of the Artiodactyla order and showed that the highest
load of enJSRV sequences occurred in the Caprina subfamily
(Hecht et al., 1996). The ovine and domestic goat (Capra
hircus) genomes contain 15 to 20 copies of enJSRV. Of three
enJSRV from sheep that were sequenced, two were interrupted
by internal stop codons and the third was nearly intact
(Palmarini et al., 2000). Little is known about enJSRV in
other “positive” animals. The genome of domestic cattle (Bos
taurus, Bovinae subfamily) is predicted to have one to three
enJSRV-related proviruses (Hecht et al., 1996). However,
neither proviruses in cattle, nor putative expression have been
characterized.
In this report, we analyzed enJSRV-related proviruses in two
European cattle beef breeds Simmental (Germany) and
Limousine (France). The expression of the enJSRV in cattle
was examined in body compartments. We also analyzed
enJSRV-like sequences and expression profile in domestic
goat from Germany.
Of the enJSRV sequences identified in cattle, the sequence of
orf-x was the most similar (98% to 99%) to the enJSRV
sequences in sheep. The LTR sequences were less similar. Their
sequences were about 97% identical to the known enJSRV
sequences in sheep. The LTR amplicons from cattle formed an
independent cluster of sequences in the phylogenetic analysis,
and a clonal analysis of the LTR amplicons demonstrated two
close types of sequences in examined animal. The bovine
enJSRV-like env sequences were the least similar (94%–95%)to corresponding enJSRV sequences in sheep. A notable
polymorphism was evident when the orf-x and env sequences
from animals belonging to different breeds were compared in
between each other. The analyses of body compartments of
cattle resulted in a detection of the env transcripts, exclusively
in bone marrow, while no orf-x transcripts were detected. We
showed that the endogenous proviral orf-x and env sequences
revealed in goat were more similar to the ENTV from goat
rather than to the enJSRV from sheep. Only env transcripts were
detected in bone marrow of the goat.
Results
Southern hybridization analysis
The data, regarding enJSRV-like proviruses in domestic
cattle, came exclusively from genomic Southern hybridization
analysis. Under high stringency washing conditions, capsid
(CA) and surface (SU) subgenomic probes detected one to three
proviruses in the genome of domestic cattle (Hecht et al., 1996).
We examined genomic DNA from Simmental cow by
Southern hybridization using enJSRV orf-x subgenomic probe.
Besides genomic DNA from Simmental cow, we examined
genomic DNA from sheep (positive control), pig, African green
monkey and an healthy blood donor. DNA specimens were
digested with PvuII. There are several sites for restriction
endonuclease PvuII in exJSRV (accession no. AF105220) and
enJSRV (accession no. AF153615) genomes (Fig. 1A). Two of
them are flanking a central part of the genome (positions 2986
and 5583, accession no. AF105220). Thus, in case of pol
(including orf-x) integrity, the resulting cleavage fragment
would be of nearly 2.6 kb. Southern blots was hybridized with a
DIG-labeled JSRV orf-x subgenomic probe and washed under
conditions of high stringency. The hybridization revealed one
band in DNA from cow and two bands in DNA from sheep (Fig.
1B). The upper band (2.6 kb) corresponding to the intact pol
fragment was identical in both samples. The lower band (2.3 kb)
was revealed only in sheep DNA and that was likely a truncated
pol fragment (Fig. 1B). The identification of 2.6 kb proviral
fragment after digestion with PvuII suggests an identity of the
physical maps of the region in sheep and cattle proviruses. It is
likely that the EcoR1 site (in pol) in provirus(es) from cattle was
also retained. However, that was not proved by double digestion
with BamH1 or PvuII.
No enJSRV orf-x sequences in pig, human and African green
monkey genomes were detected by genomic Southern
hybridization.
EnJSRV provirus in domestic cattle and goat
Further analyses of enJSRV-like proviruses in cattle
(and goat) were done by nested PCR with a set of JSRV-specific
primers (Table 1).
The most conserved part of the JSRV genome is considered
to be orf-x (Rosati et al., 2000). Since it was impossible to
predict the enJSRV-like sequences in cattle, we initially focused
on that part of the genome in our screening for proviruses.
Fig. 1. JSRV genome and detection of the enJSRV-like sequence in Simmental cow by Southern hybridization. (A) Schematic representation of JSRV genome
(accession no. AF105220) with selected restriction sites. Open reading frames are given as arrows. Nucleotides scale bar is given below. (B) Genomic Southern blot
hybridization. Lane 1—sheep genomic DNA; lane 2—DNA from a representative cow (Simmental breed); lane 3—DNA from pig (Large white); lane 4—DNA from
an African green monkey; lane 5—DNA from a healthy blood donor. DNA samples were digested with PvuII and subjected to Southern blot analysis. The blot was
hybridized with orf-x DIG-labeled probe and washed at high stringency (62 °C; 0.1% SDS, 0.5×SSC). Lane 6—DIG markers II (Roche, Germany). Positions of
complete and truncated fragments are indicated by arrow heads on the left. The markers (Kb) are indicated on the right.
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(248 bp) in all examined cows (n=6) and the representative
results of nested PCR are shown (Fig. 2A). The nucleotide
Blast analysis of the orf-x sequence in cattle showed about
98%–99% nucleotide identity compared to the enJSRV from
sheep.Table 1
Sets of primers for PCR
Primers Sequences 5′–3′ positions (AF136224)
LTR 68f gatgtgcctaagctccctgtc 68–88
LTR 82f tccctgtcccgccaccctcaagaac 82–105
LTR 527r tactcatatactcactcttttcaat 503–527
LTR 394r cgtccccgctaagaaaataagagata 369–394
prt 2254f agatgttcaaggcaatcctt 2254–2272
prt 2608r ttaggagcggaggctaatat 2589–2608
prt 2300r gaagttgagctattcgctgtc 2300–2320
orf-xf atcttgctctacttgtcc 4703–4720
orf-xr ccctgtggattataagga 5056–5030
orf-x2f aatatggtgtcaaccctcgaggttta 4741–4766
orf-x2r aacggctagtataaccaggtc 4969–4989
env 1f gacccctcgatattccgttttg 5197–5218
env 2f gcatcggcataggcatagacac 5233–5254
env 1r ggttccgctaatattgggctgta 5485–5470
env 2r gcagccaaaagtttccayag 5443–5424The alignment of deduced amino acid sequences showed that
the cows of the same breed (n=2) had identical Orf-x
sequences. However, when the Orf-x sequences from different
cattle breeds were compared, there was a difference in two
amino acids (Fig. 2B). In fact, the comparison of sequences
revealed in cattle breeds demonstrated more diversity than it
appeared when compared (separately) to one of the enJSRV
detected in sheep. As a consequence, the orf-x amplicons from
Simmental (n=2) and Limousine (n=2) cows appeared to be in
different clustering groups when examined by neighbor-joining
phylogenetic analysis (Fig. 2C). The proviral sequences
detected in the Limousine cattle were in one group of enJSRV
(accession nos. Y18306 and AF136853), and the sequences
from the Simmental cattle were closer to another enJSRV
(accession no. Y18307).
It should be pointed out that the revealed endogenous
sequences in cattle were not interrupted by stop-codons when
examined in both orf-x and int reading frames. No orf-x
sequences were detected by PCR in human and porcine
genomes. Interestingly, the orf-x amplicon from goat was only
93%–94% identical to corresponding sequences in sheep and
was nearly equally distant from the ENTV (accession no.
AY197548) from goat and a group of enJSRV from sheep
(Fig. 2C).
Fig. 2. Analysis of the enJSRV orf-x sequences in Limousine and Simmental cattle breeds. (A) Detection of enJSRV orf-x sequences in the genomes of two breeds of
domestic cattle by nested PCR. Lanes 1 and 2—DNA from Limousine (France) cows; Lanes 3 and 4—DNA from Simmental (Germany) cows; M—Markers; “+”—
sheep DNA (positive control);“−”—no DNA (negative control). (B) Multiple alignment of the deduced amino acid sequences using Clustal W method of the
MegaALIGN program (DNASTAR). Orf-x amplicons from domestic cattle (Bo.), goat (Go.) and sheep (Sh.-positive control) are aligned with enJSRV and exJSRV
sequences from GenBank (accession no. are indicated in brackets). Sequences from two Limousine cows are given as “1F” and “2F”; sequences from Simmental cows
are given as “1G” and “2G”. Domestic goat and sheep were from Germany. The origin of animals is indicated as: UK-United Kingdom, SA—South Africa, Aus—
Australia, F—France, Sp—Spain, G—Germany. (C) Neighbor-joining phylogenetic tree analysis. The tree was constructed from an alignment of orf-x amplicons
(248 bp) detected in domestic cattle, goat and sheep. Obtained sequences are indicated in bold. GenBank accession numbers are given in brackets.
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single band (positions 2254–4766, accession no. AF136224)
from the genomes of limousine cows, indicating an integrity of
this part of the provirus(es). The amplicons were not further
cloned and only partially sequenced.We further examined cattle DNA for the enJSRV-like LTR
sequences. By PCR, the 314-bp target sequence was found in all
examined specimens (Data not shown). The nucleotide Blast
analyses of the amplicons indicated that the sequences from
cattle were 97%–98% identical to the LTR detected previously
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analysis of the exJSRV LTR from sheep revealed several
putative transcription factor binding sites (McGee-Estrada and
Fan, 2006). Using these data as a reference, we compared
cloned LTR U3 sequences from Limousine cow with related
sequences from exJSRV and enJSRV from sheep.
Two groups of sequences were detected in eight clones. Of
that, five clones were identical (Fig. 3A). The remaining three,
though identical to each other, had four nucleotides that were
different from the first five clones. The analysis of the
sequences demonstrated that the SP-1 site in the LTR from
cattle was intact, HNF-3β -with minor changes, but NF-1 and
especially Ets-1 putative binding sites were significantly
modified (Fig. 3A). The neighbor-joining phylogenetic analysis
demonstrated that LTR clones from Limousine cow were close
to enJSRV from sheep (with one exception), but formed a
separate branch (Fig. 3B). Since, only two types of LTR
sequences were revealed by clonal analysis, we assume that, at
least, in Limousine breed, there are not less than two
endogenous proviruses with LTR (LTRs).
EnJSRV env-like sequences and transcripts in domestic cattle
and goat
It has been shown that the env sequences in the exJSRV and
enJSRV are relatively conserved and that the TM region of the
env sequences is more variable than SU (Bai et al., 1999).
Previous phylogenetic analyses showed that the env sequences
can be divided into two groups: African, and UK and American
(Bai et al., 1999).
We designed primers for nested PCR to amplify the 211-bp
fragment from the central “conservative” part of env sequence
(amino acids from 194 to 264, accession no. M80216) and by
PCR, we detected the corresponding target fragments in DNA
specimens from cattle (data not shown). The amplicons from
one Limousine and one Simmental cows were examined in
more details.
The nucleotide Blast analyses demonstrated that the env
sequences in cattle were the most similar (with about 94%–95%
identity) to the enJSRV sequence reported in sheep from South
Africa (accession no. AF153615).
The amplicons were cloned and compared by alignment
(Fig. 4B) and neighbor-joining phylogenetic tree analysis with
related sequenced from sheep (Fig. 4C). We totally examined
twelve proviral clones from Limousine cow, twelve clones
(including eight cDNA clones) from Simmental cow and three
clones (including one cDNA clone) from one domestic goat.
A difference of four amino acids (in a 70-amino acid long
stretch) was revealed when the ENV sequences from Limousine
cow were compared to the Env sequence in sheep (accession no.
AF153615). While the ENV sequences in Simmental cow
differed by seven amino acids from the provirus (accession no.
AF153615), there was a five amino acid difference compared to
another provirus sequence from sheep (accession no. Y18303).
In addition, a five amino acids difference was noted between the
cattle breeds (Fig. 4B). However, the proviral sequences from a
particular animal demonstrated only minor (if any) polymorph-ism, indicating a close proximity of the proviruses in a given
animal.
The neighbor-joining phylogenetic analysis of the clones
demonstrated that the env sequences from the Limousine cow
were close to the enJSRV from sheep (accession no.
AF153615), but the env sequences in the genome of the
Simmental cow were more distant and formed an independent
cluster. Though not identical, the sequences revealed in the
cattle were related to enJSRV found in sheep.
It has been reported that the enJSRV in sheep are expressed
predominantly in the reproductive tract and significantly less in
other organs (Palmarini et al., 2001).
The expression of enJSRV in domestic cattle was not
examined previously. Since the provirus expression a priori
could be organ (or tissue) -specific, we looked for the transcripts
(orf-x and env) in four body compartments: heart, liver, lung
and bone marrow. RNA specimens were subjected to RT-PCR
followed by Southern hybridization. No orf-x transcripts were
found in the body compartments of three examined cows.
However, exclusively in the bone marrow of the animals, we
detected env transcripts (Fig. 4A).
The comparison of the cloned provirus (Bo.pr.cl.2) and the
transcript (Bo.cDNA cl.1 and cl.2) in examined cow demon-
strated a complete identity of the sequences (Fig. 4B). In fact,
the identity of sequences indicated that the provirus (clone #2)
was active. As in domestic cattle, we detected the enJSRV env
transcripts in the bone marrow of domestic goat and a complete
identity of the sequences between the cloned provirus (Go.pr.
cl.1) and the cloned transcript (Go. cDNA cl.1) was shown (Fig.
4B). However, other body compartments of the animal were not
examined for provirus expression. The phylogenetic analysis of
the env sequences demonstrated that they were close to the
ENTV (accession no. AY197548) from goat and were more
distant from the known enJSRV env sequences in sheep.
Western blot analysis
The sheep are immunotolerant to JSRV due to an active
expression of enJSRV during the fetal development (Spencer
et al., 2003). No information is available regarding the
immune reactivity against enJSRV in domestic cattle.
A standard immunological screening for antibodies against
JSRV is not available by the absence of the appropriate antigen
for the analysis. JSRV is related to SRV (gag, pro, pol) and
MMTV (env) (York et al., 1992). The Gag, Pro and Pol proteins
show nearly a 50% identity to SRV-3 and the Env is
approximately 28% identical to MMTV Env with a nearly
41% identity to 107 amino acid C-terminal fragment of gp52
(SU). Thus, in the absence of a JSRV virus preparation, the
related SRV-3 CA (Sharp and Herring, 1983; DeMartini et al.,
2001) and MMTV SU proteins were used as surrogate antigens
to determine an immunoreactivity of bovine plasma against
JSRV. It should be mentioned that a possible cross-reactivity
between anti-JSRVand the MMTV Env or anti-MMTVand the
JSRV Env has not been shown before. We used rabbit anti-
JSRV p26 (CA) and goat anti-MMTV (whole virus) as positive
controls sera (Fig. 5, tracks 1 and 2, respectively). A purified
Fig. 3. Analysis of the enJSRV LTR in Limousine cow. (A) Alignment of cloned enJSRV LTR (U3) sequences detected in the genome of a Limousine cow (animal 1F). Clones are indicated as “cl.” and numbers of clones
with identical sequences are indicated in brackets. Alignments start from nucleotide 81 in enJSRV (accession no. AF136224). Putative binding sites for transcription factors are indicated and underlined. Binding sites for
HNF-3β and NF-1 partially overlap (indicated in italics). (B) Neighbour-joining phylogenetic tree analysis of cloned enJSRV 314 bp LTR fragment (given in bold). Numbers of clones with identical nucleotide sequences
are given in brackets.
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Fig. 5. Screening of bovine plasma for antibodies against beta-retroviruses. Lane 1: blotted SRV-3 treated with a rabbit anti-p26 (CA) JSRV (1:500) (positive control).
Lane 2: blotted MMTV treated with a goat anti-MMTV (1:1000) (positive control). MMTV p27 (CA) and SRV-3 p27 (CA) are migrating differently on the gel. The
position of MMTV gp52 (SU) and SRV-3 p27 (CA) are indicated. (A–C) Blots incubated with plasma (1:200) from three Simmental cows. (D) Blot incubated with
commercial goat plasma (1:200) (Sigma, USA). Track 3: Mo-MuLV. Track 4: MMTV. Track 5: SRV-3. Anti-bovine IgG-AP was used at a dilution of 1:1000. Both
anti-rabbit IgG-AP and anti-goat IgG-AP were used at a dilution of 1:2000.
Fig. 4. Analysis of the enJSRV env proviral sequences and transcripts in two cattle breeds and domestic goat. (A) EnJSRV env transcripts detected in bone marrow of
representative cows by RT-PCR and Southern hybridization. Lanes 1 and 2: DNA from Simmental cows, lane 3: DNA from Limousine cows. Lanes 1 to 3: no RT step.
“+”: sheep DNA (positive control). 1* to 3*: RT-PCR (the same specimens as in lanes 1 to 3). The position of the amplicons is indicated on the right. (B) Alignment of
the deduced amino acids from proviral sequences (pr.) and transcripts (cDNA). Numbers of clones with identical nucleotide sequences are given in brackets. Modified
glycosylation site revealed in proviruses from goat is underlined. (C) Neighbor-joining phylogenetic tree analysis of the 211-bp JSRV env proviral sequences
(indicated as “pr.”) and corresponding transcripts (indicated as “cDNA”).
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plasma specimens (taken 1:200) from three cows. The plasma
from cattle did not react with the SRV-3 and MMTV proteins,
but only with MMTV gp52 (SU) (Fig. 5). The reaction against
the gp52 (SU) differed by intensity and was eliminated after the
plasma (from animal 1) was pre-incubated with the purified
MMTV. We used a commercial goat serum (Fig. 5 panel D) and
two serum specimens from pigs (not shown) as additional
negative controls for Western blot analysis. None of the control
sera reacted with the gp52 (SU).
Discussion
Phylogenetic analyses suggest that enJSRV is a relatively
recent endogenous retrovirus with an active exogenous counter-
part (DeMartini et al., 2003). The highest provirus load in small
ruminants allowed to speculate that the exJSRV prototype
initially infected small ruminants and then spread to the other
members of Bovidae subfamily. The genomic Southern
hybridization analysis besides small ruminants revealed
enJSRV-like sequences in various species from the Bovidae
subfamily including domestic cattle (Hecht et al., 1996).
However, the proviral sequences and the patterns of the
expression in domestic cattle were not analyzed.
Our goal, in this study, was to examine enJSRV-like
sequences in domestic cattle and goat and to estimate the
proviruses expression in body compartments.
We analyzed two “old” and widely distributed European
breeds of cattle: one from Germany (Simmental) and one from
France (Limousine). Simmental (initially a dual purpose breed)
is the oldest and most widely distributed of all breeds of cattle
that was originated from Switzerland (Swiss alpine breed). The
total number is estimated between 40 and 60 millions
Simmental cattle worldwide. The Limousine breed originated
in south-central France (Massif Central) was known from the
17th century. However, it was clearly identified as a breed in the
middle of the 19th century. It is the most exported French beef
breed and now it is frequent in more than 60 countries
worldwide.
We detected and characterized enJSRV-like sequences and
transcripts in both breeds of domestic cattle and in goat. We also
examined the immunoreactivity of normal bovine plasma
against SRV-3 and MMTV, two beta-retroviruses related to
JSRV.
The enJSRV-like sequences from domestic cattle, being as a
whole close to the enJSRV from sheep, demonstrated a different
degree of identity to corresponding sequences in the sheep
genome. The enJSRV orf-x sequences from cattle were about
98%–99% identical to the corresponding endogenous
sequences in the sheep genome. While analyzing the orf-x
sequences, one unexpected result was obtained. We demon-
strated that the homology of endogenous orf-x sequences
between the cattle breeds was less prominent than that if
compared sequences in cattle with that in sheep.
The phylogenetic analysis of the orf-x sequences revealed a
good clustering of endogenous sequences from cattle breeds
with corresponding sequences in sheep (Fig. 2B). Thus, theclose proximity of the orf-x sequences, not only in small
ruminants (Rosati et al., 2000), but also in the other members
from Bovidae family, suggests an important role, though yet
unknown for the gene.
The alignment of the cloned orf-x sequence from goat
(Go.1G) and the phylogenetic analysis demonstrated that it was
closer to the ENTV (accession no. AY197548) rather than to the
enJSRV. Thus, it seems possible that the endogenous sequence
in goat might originate from an exENTV-like virus. In this
regard, extended analyses of this family of endogenous
proviruses in wild goats and sheep might shed light on the
origin of the proviruses.
As it was shown below, the examined genomic regions of the
enJSRV in cattle, other than the orf-x sequences, were more
distant from the corresponding sequences in sheep.
In order to get some hints on putative differences (if any) in
the proviruses regulation in cattle compared to sheep, we
examined, in detail, LTR sequences from one cow. Recently, a
publication on potential binding sites for transcription factors in
the exJSRV from sheep was helpful in this regard (McGee-
Estrada and Fan, 2006). By PCR, the LTR fragments (314 bp)
were detected in all examined animals and an amplicon from
one Limousine cow was analyzed in more detail.
The Blast analysis demonstrated that the LTR amplicon was
97%–98% identical to the endogenous LTR from sheep. The
alignment of that sequence with the exJSRV LTR demonstrated
that the sequences, corresponding to the SP-1 putative binding
site in the cow and sheep, were nearly identical to that in the
exJSRV. The LTR fragment in cattle, that corresponded to the
HNF-3β putative binding site, was identical to that in the
enJSRV and was rather close to that in the exJSRV from sheep.
However, the NF-1 and especially Ets-1 putative binding sites
were significantly different. The fidelity of these putative
transcription factor binding sites in proviruses from cattle would
be interesting to examine.
The clonal analysis of the LTR from Limousine cow
demonstrated that there are, at least, two groups of closely
related sequences with only four nucleotides that are different
between the groups. This suggests that there are, at least, two
enJSRVs with the LTRs in the genome of the examined cow and
that, in fact, corresponds to 1–3 proviruses predicted in the
genome of domestic cattle (Hecht et al., 1996). The minor
polymorphisms between the LTR sequences from Limousine
cow and the enJSRV LTR from sheep argues in favor of their
common origin and probably, similar mechanisms of proviruses
regulation in these species. On the other hand, differences in the
LTRs from the enJSRV and the exJSRV are likely reflecting a
significant dissimilarity in the regulation of the counterparts.
By PCR, we amplified the 211-bp env gene fragment from
the genomes of cows. This amplicon corresponded to a
“conservative region” in SU of the enJSRV. The alignment of
Env sequences from cattle with sequences from the enJSRV
from sheep demonstrated 5–8 amino acids difference. Besides
that, we noted significant mismatches (4–5 amino acids) in the
Env fragments when compared between the cattle breeds. This
difference was confirmed by the phylogenetic analysis that
demonstrated a proximity of the env sequences from Limousine
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sequences from Simmental breed formed an independent
branch (Fig. 4C).
The alignment of the Env sequences from goat demonstrated
four amino acid difference (as minimum) compared to the
enJSRV from sheep and in fact, the phylogenetic analysis
demonstrated a proximity of the sequence to the exENTV
(accession no. AY197548).
It is noteworthy to mention, that the examined orf-x and
env proviral sequences in the genomes of cattle and goat
were not interrupted by stop-codons. The revealed substitu-
tions like H/Q in the Orf-x, demonstrated in Limousine breed
(Fig. 2B) and F/L, F/Y in the ENV revealed in both breeds
(Fig. 3A), as compared to the enJSRV proteins from sheep,
were not likely to be associated with significant conforma-
tional changes in the proteins (Schulz and Schirmer, 1979). We
revealed a close proximity (or even identity) of the cloned orf-
x and env sequences in animals belonging to one breed but a
more prominent polymorphism between the proviruses from
different breeds.
Overall, the analyses of the enJSRV-like sequences in cattle
favor the exJSRV from sheep as a putative ancestor for the
proviruses in cattle. However, the observed sequences poly-
morphisms between the breeds indicate (among some other
possibilities) that several independent acts of infection might
take place.
We obtained unexpected results while analyzing the enJSRV
expression in body compartments of domestic cattle. We did not
detect any orf-x expression in the compartments, but env
transcripts, we revealed in bone marrow, exclusively. The
absence of the full size RNA in examined compartments does
not necessarily mean that the complete RNA is not expressed.
Bone marrow and some tissues of cattle would be of interest to
examine for the proviruses expression during pregnancy and
soon after delivery.
The detection of the env transcripts, alone, suggests that Env
has an important role in cattle and might protect against a
superinfection with the exJSRV and/or related viruses, as it has
been proposed previously for sheep and goats (Palmarini et al.,
2004). Recent data suggest that the enJSRV regulates the
placenta growth in small ruminants (Dunlap et al., 2006). Since
the pregnancy stimulates the expression of the enJSRV
(Palmarini et al., 2001), it would be of interest to investigate
cow milk during pregnancy and soon after delivery for the
circulating JSRV-related vlp. Previously, we isolated and
partially characterized enJSRV vlp from goat milk obtained
soon after delivery (VM, Personal communication).
The absence of a complete RNA pattern of the expression in
examined body compartments of domestic cattle (in the case of
provirus integrity) suggests that fully assembled vlp do not
form. However, it cannot be excluded that a complete RNA
expression followed by the assembly and the release of vlp take
place in other not examined body compartments.
Immunodiagnostic tests for JSRV do not exist. To overcome
this problem, related viruses might be used as surrogate
antigens. However, the JSRV substitutions with related retro-
viruses (as surrogate antigens) in Western blot significantlyreduce the value of obtained results. Understanding all possible
limitations, we nevertheless tested plasma specimens from three
cows using purified SRV-3 and MMTV (viruses related to
JSRV) as antigens. The plasma from the animals did not react
with the SRV-3 structural proteins including p27 (CA) (Fig. 5).
However, all three plasma specimens reacted with a protein
showing the same electrophoresis mobility as the MMTV gp52
(SU). No reactivity with the SRV-3 gp70 (SU) or the Mo-MuLV
gp70 (SU) was detected. On the other hand, even in the absence
of an immunoreactivity with SU of the other retroviruses, an
immunological cross-reaction of bovine plasma with the gp52
carbohydrates only could not be completely ruled out.
Additional tests with the authentic JSRV SU are required to
elucidate the phenomenon.
In conclusion, we characterized enJSRV-like sequences and
the patterns of the proviruses expression in domestic cattle and
goat and demonstrated sequence polymorphisms between the
enJSRV from Limousine and Simmental cattle breeds.
Among the examined sequences, the orf-x sequences from
cattle demonstrated a minor polymorphism and, as shown by
the phylogenetic analysis, were close to the corresponding
enJSRV sequences in sheep. However, a more dissimilarity was
revealed when the orf-x sequences from cows of different
breeds were compared in between. That fact might be explained
by a difference in the history of breeds that contributes to the
genetic diversity of examined cattle (Loftus et al., 1994; Maudet
et al., 2002). The LTR sequences in domestic cattle were about
97% identical and the env sequences were nearly 94%–95%
identical to the corresponding enJSRV sequences in sheep. The
expression of the enJSRV in domestic cattle was restricted to
bone marrow and only env transcripts were detected.
The clonal analysis of the env and LTR amplicons favors two
closely related enJSRV-like proviruses in cattle genome.
However, the entire proviruses from domestic cattle should be
cloned and sequenced to conclude on the proviruses structural
integrity and the copy number.
The comparative analysis of the endogenous orf-x and env
sequences in goat demonstrated a proximity to the exENTV
from goat. These results are in favor of our previous observation
(VM, AM personal communication) on the gag-prt-like
sequence (accession no. AY372190) nearness to both ex-
ENTV-2 (accession no. AY197548) and enJSRV (accession no.
AF136224). Taken together, we speculate that the endogenous
proviruses in domestic goats might originate from an exogenous
retrovirus that was close to both exJSRV and ENTV. Another
possibility is the homologous recombination between the
exJSRV and the ENTV that might contribute to the actual
structure of endogenous proviruses in domestic goat. The
cloning and the sequence analysis of all JSRV/ENTV-like
proviruses in the genome of domestic goat would be helpful in
answering this question.
Although not examined, the revealed enJSRV-like proviruses
in cattle and goat might take part in the protection against a
superinfection and/or contribute to the development. In
addition, a new exogenous counterpart of the enJSRV in wild
cattle (buffalo, zebu, yak, etc.) and wild goats (Cretan goat,
markhor, etc.) could not be excluded.
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Animal specimens
Tissue specimens and plasma from Simmental (Germany)
(n=4) and Limousine (France) (n=2) beef breeds of domestic
cow (Bos taurus), sheep (Ovis aries) (n=2), domestic goat
(Capra hircus) (n=2) from Saanen group and large white pigs
(Sus scrofa) (n=1) were examined.
DNA and RNA extraction
DNA and RNAwere isolated from liver, heart, lung and bone
marrow from Simmental cows. Bone marrow tissue specimens
from Limousine cows were used only for DNA extraction.
DNAwas isolated from the bone marrow of large white pig and
sheep from Germany. DNA and RNA were isolated from goat
(Germany).
Total genomic DNA was extracted from 10 to 20 mg of
homogenized tissues with a QIAamp DNA Mini kit (Qiagen,
Hilden, Germany) or Puregene DNA extraction kit (Gentra
Systems, Minneapolis, USA). DNA was isolated from blood
specimens from one African green monkey and from a healthy
blood donor from France.
Total cellular RNA was isolated from homogenized tissues
using TriReagent (Sigma, Missouri USA) or TRIzol Reagent
(Gibco-BRL, Life Technologies, USA). All procedures were
done following manufacturer's protocols. RNA integrity was
examined by gel electrophoresis in a denaturing agarose gel.
The absence of DNA contamination in the RNA specimens was
demonstrated by direct PCR without the RT step. Size markers
II (DIG-labeled) and VI (Roche Diagnostics GmbH, Man-
nheim, Germany) were used for gel calibration.
Viruses
Sucrose density gradient purified simian retrovirus type 3
(SRV-3, Mason-Pfizer monkey virus) from CMMTcells, mouse
mammary tumor virus (MMTV) from C3H cells, and Moloney
murine leukemia virus (Mo-MuLV) from NIH3T3 cell line were
obtained from FCRDS (Frederick, MD, USA).
Southern transfer and hybridization
Genomic DNA specimens (8 μg each) were digested
overnight with restriction endonuclease PvuII. After electro-
phoresis in a 0.8% agarose gel, the DNA was transferred
overnight to Hybond N nylon membrane (Amersham, UK) by
Southern blot with 20× SSC. Southern hybridization was carried
out with the DIG-High Prime DNA labeling and detection kit II
(Roche Diagnostics GmbH, Mannheim, Germany). Following
prehybridization and hybridization overnight at 43 °C, the
membranes were washed twice with high stringency at 43 °C for
10 min in 2× SSC–0.1% SDS and then twice at 65 °C for 15 min
in 0.1× SSC–0.1% SDS. Genomic Southern blots were washed
twice at 43 °C in 2× SSC–0.1% SDS for 10 min and twice at
62 °C in 0.5× SSC–0.1% SDS for 15 min.Protein electrophoresis and Western blot
Electrophoresis of proteins was carried out in 10 to 20%
gradient polyacrylamide gel (Novex, Invitrogen, USA) with
Rainbow markers (Amersham, UK) for gel calibration. Proteins
were transferred to supported nitrocellulose (0.22 μm, BA83;
Schleicher and Schuell, Dassell, Germany) for 2 h at +4 °C and
blocked overnight at +4 °C with 7% non-fat dry milk (Merck,
Germany) in 50 mM Tris–HCl pH 7.5, 150 mM NaCl, 0.1%
Tween 20 (TBST). Blots were incubated at room temperature for
2 h with a 1:200 dilution of bovine plasma in TBSTwith 5% dry
milk. After 5 times (5 min each) wash in TBST, the blots were
incubated for 1 h at room temperature with anti-bovine IgG
conjugated to alkaline phosphatase (AP) diluted 1:1000 in TBST
with 5%drymilk. Themembranes werewashed five times (5min
each) with TBST and the color was developed with BM-purple
substrate (RocheDiagnostics GmbH,Mannheim,Germany). The
processing of control membranes was identical. Goat anti-SRV-3
and goat anti-MMTV were obtained from FCRDS (Frederick,
MD, USA) and rabbit anti-JSRV p26 CA (capsid) antibodies
were kindly provided by Professor James DeMartini (Colorado
State University, Co, USA). A rabbit anti-JSRV p26 CA serum
was taken in dilution 1:500 and goat anti-SRV-3 and goat anti-
MMTV sera were taken in dilution 1:1000. After 2 h incubation
followed by fivewashes in TBST, themembraneswere incubated
with anti-rabbit IgG AP (1:2000) or anti-goat IgG AP (1:2000),
respectively diluted in TBSTwith 5% dry milk. The membranes
were washed five times (5 min each) with TBST and the color
was developed with BM-purple substrate. All secondary
antibodies were obtained from Dako (Glostrup, Denmark).
Primers and PCR
Sets of primers for PCR/nested PCR are described in Table 1.
PCR was done with 500 ng to 1000 ng DNA (equivalent to
approximately 7.5×103 to 1.5×104 cells). Hot-start PCR
amplification was carried out as suggested by the supplier of
Taq polymerase (Perkin-Elmer/Roche, Germany). After an
initial denaturation step at 94 °C for 4 min, DNAwas subjected
to 40 to 43 cycles of amplification. The parameters for the PCR
were as follows: denaturation at 95 °C for 30 s, annealing from
48 °C to 60 °C (dependent on the primers) for 30 s, and extension
at 72 °C for 30 to 45 s. A final extension was carried out at 72 °C
for 10 min. An 8-μl aliquot of each PCR mixture was run on a
2% agarose gel. Nested PCR was done with 2 μl of the first PCR
sample. A 10-μl aliquot of each PCR sample was separated on a
2% agarose gel and visualized by ethidium bromide staining.
RT-PCR
cDNA was synthesized from 3 to 4 μg of total cellular RNA
using the C. therm. Polymerase One-Step RT-PCR kit (Roche
Diagnostics GmbH, Mannheim, Germany) according to manu-
facturer's guidelines. Reverse transcription was carried out at
50 °C for 1 h, followed by 30 cycles of PCR amplification. A 3-μl
aliquot of each RT-PCR sample was subjected to nested PCR. The
parameters for nested PCR were the same as those used for PCR.
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Amplicons were purified from 2% agarose gels with the
Qiagen PCR purification kit (Qiagen, Hilden, Germany) and
were cloned in pTOPO-TA (Invitrogen, Life Technologies,
USA). Clones (or amplicons) were sequenced on both strands
with the BigDye Terminator sequencing kit (Perkin-Elmer,
Biosystems, Germany) and analyzed with an Applied Biosystem
model 3100 automatic DNA sequencer.
Phylogenetic analysis
Laser Gene software version 6 (DNASTAR, Inc., Madison,
USA) was used for sequence alignments and neighbor-joining
phylogenetic analyses of sequences. The Blast program (NCBI)
was used for database searches. The alignments of protein
sequences were done using ExPasy (Expert Protein Analysis
System, Swiss Institute of Bioinformatics).
GenBank accession numbers
The enJSRV-like sequences from domestic cattle were
deposited in GenBank database under accession numbers:
DQ267936, DQ142649, EF071982. The following sequences
of exJSRV from GenBank were used in this study: (AF105220)
USA, (AF105220) USA, (AF357971) USA, (AF128917) UK,
(Z71304) UK, (AF128923) Sp, (AF136852) Aus and exENTV
from goat (AY197548) UK and sheep (Y16627) UK. The
following sequences of enJSRV (GenBank) revealed in sheep
from different countries were used in this study: (M80216) SA,
(AF153615) SA, (AF136854) SA, (AF136853) Aus, and
(Y18307) USA. The origins of the animals are indicated as:
SA for South Africa, Aus for Australia, Sp for Spain, UK for the
United Kingdom, and USA for the United States. In our
sequence analysis, we have tried to trace the geographical origin
of sheep/goat with a particular enJSRV sequence. However, the
data concerning the animal origin and/or breed are frequently
missing. The accession numbers for the other virus sequences
are as follows: Mouse mammary tumor virus (M80216),
Mason-Pfizer monkey virus -SRV-3 (M12349).
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